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Ocular traalmanL 

@) A method bI admin)st«ring Ims than SO|il of a aolutian of 
an ephlhalmieallv etleeliwe aubslance la the aye charaele- 
ruBd in (hat the lormulaiion has a viscosity and raaiilivity 

which makoi it suitable lor eleclrodynanticatiraylna, and Ihe 
lermulation is supplied le • cpray noule wharoin • suNicient- 
ly large elsciiical psieniial. relative to eanh. it applied to ihe 
lortnulation Ihel a luKicient alectrieii gradient it provided el 



• the apray noizis to aiomiM the (onmulation aa a cpray af 
eleelricBlly charged drepleta. All« liquid aalulion farmula- 
tions Of ooinalmieallv effective lUDnancs* for uee in me 
method of the Invention: end electrodynantic spraying 
apperetut, eorwenieiti lor hand held use, lor um In the 
method of the Imrention. 
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Th« prefienc imreBClon relacas ta ■ proeeas of 
ocular tT««Cs«ac, ce foraulatloaa vscfnl in aueh a j;froeaaa 
■nil CO apparatus auleabl* for applyias wch fforaulatloaa. 
S A conveotlOMl. Becto4 of ocalar adalalatratlon of 

a phanaeologleally active lubltanea CMprltes Che utt off 
eye dropa. This is geaerally kaeva to bava low patient 
aceepcabllicy, eapeelally In the yooag. The adaiulatraclon 
of a large drop of llqold Co cbe eye ialttatflo a blink ffaflax 
10 which can causa substantial wastsge of an applied active 
eubstanee by drainage either thBSug^ tke tear duets or an 
the skin surface. Indeed It has been reported that If a 20- 
50 |»1 drop Is applied to the eye the aeteal volune that 
reethes tbe target is 5-7 iil. Therefore, in addition to the 
IS low patient aeeepcablllry, chere Is a 4r-lD fold eaatage. 
This leads to an Inefficiency La tha nae of expenaive 
ingredienci and, in addition, the adrtalitncot has little 
control, and la uncertain, ever the aaooat of ingredient 
applied to the target. 
20 another convenclonal aetbod of ocular 

admlnletratlon af an active Ingredlapt ceHprlaes tbe use of 
an olntaent. This slailarly has bee« found to have lo« 
patient acceptability ead substantial ewtage of active 
ingredient can result. 
25 The present inveatien provides a aolntion to these 

problems of the srt by providing aeeorate dispensing of a leu 
veluae of a pheraaeelogieelly active substance ta the eye. 
This is echicvcd by a process which invslves eleeeredynaaie 
spraying of a suitable Cereulatien by raising the fomilation 
30 to a high potential la a spray nesslc to cause the 

farnulatlon to atoalse as a spray of •lactrictlly charged 
droplets. Such electrically charged ' droplets seelt the 
elosest earthed object to discharge their electric charge, 
end this can be arranged to be the target area af the 
3S eyeball, sore particularly the cornea. This process 

provldeB a partlcnlarly even, aecar«t«ly cargetted, coating 
of tha eye with the fensletlon. 
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Aeaerdtngly, Che pMsaoc lnv«Qtlon pcovldeo a 
metbod of «dBiniaterlng co an «ye s fornalatloa eoBpTislng aa 
ephttiatmleally active oubaCanee aod an opbthalBleally 
acceptable dlluenC. charaetBrlBAd in cImC tba fonulaCloa baa 

5 a vlaeoalty la the ranga Ur*^ eo I.O Pa. a Cat 2S«C} and a 
raalBtlvlty in Che range lo^ to IflU etu em (at 2SAC}| and 
chac chB fomtlatloa ib supplied to a ipray nozzle Vhexein a 
0u££lelBntly large alcetrleal potential, relative co earth, 
la applied to the forBulatlon free a high voltage generator. 

10 chat a Boff icienc alectrieal gradient la provided at the 

nozzle to acenlae the f onnalatlan aa a apray of electrically 
charged droplato. 
! The aechod of ehe InvanCiott Bay be earned out In a 

unit dose node, fay charging Che nozzle with a unit doae frost 

15 an eneroal source each Kiae it is aaed. or In a awlei— dsee 

aade, la vhieh ease a reservoir of the foraulatlon supplies a 
unit dose aucoaacieally cp Che spray noszle each cine the 
method la carried o«c. 

In another aspect the present iswnclan provldaa a 

20 liquid Bolucioo fermalatian eomprlatag aa ophthaloleally 
active Bubatanea aod aa ephtbalaieally aeeaptable diluent 
vhleh eespriseB SOX co lOOS by vel^t of an ophChalBleally 
aeeepcable ergaoie diluent, and fxOB OS CO SOX by velght of 
water, and has a viaeoaicy In the range 10~3 to l.o pa. a at 

25 25°C and a reBlstivlty in the range 10^ to lol^ ohm em ac 
25QC. 

L suitable such dlloent may be a alxcure of tvo or 
more liquid coapenantB. 

The ophthaloleally active subscanees eneompaBsed by 
30 thla invention are aoy eompounds having a phsnaeologieal 

effect on and/^ar in che eye. Typical of such eoBpeunde are 
cheaeeherapeucic agents, eompeundB co aid ocular esaminatlon 
aod coapeuflds to aid aorgeryt Cor eza^le 
(a) anti^lnflaaBatory agents, such as pradolsolone and 

35 other coreieoacBcoldai 
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(b> antimicrobial drags, aueh «o mnclltloties . 

aotHaptlM. antiviral*, funglcidea and 
BulphooaBldea, for exaapla chlora»ph«nlcol, 
sulphacecamlde, 8«nC"ye^Bt nystatin, acyclovir and 

5 Idoxurldlnci 

(e) aucoBOBlc drugs, such as g-adreoocaptor 

ancasoni*^*' cydeplesicBf BlotlCB. aydrlattcs and 
vaBOconacclecoTS, tor aiuwpla ciaolol, atenolol, 
pilocarpine, atropine, tropleaffllde. hyoaelna, 

IQ ephadrina, phony lephrlnc, carbaehel, guanethldlne 

and adranalinet 

(d) leeal anaesthetics, ailch as llgnocaine «r 
osybnproealnei 

(e] diagnostics, such as fluorescein t 

15 (f) drugs CO assist healing of corneal abrasions , such 

as urogascrooe and epidcmal grovch factor (ECF)t 
(g) drugs of use la diabetic retinopathy, such as 

aldose reductase Inhibitors, for exaaplc sorblnil 
„j 3-(4-breBo-2-fluarobens7l>-4'^zo-3»-phchAlazln- 

20 1-ylacetlc add] 

of which (c) la the noat lape^tant group, and (f) and (g) are 
also particularly Important. 

As hereinbefore dlscnssed, conventional methods of 
ocular adBlnlstrotlon lead to wastage of ingredient for 
25 e«anple by drainage through the naac»-lachxyval duet into the 
throat, and subsequent ingestlan Into the gastro-lntestinal 
trace, whence It can be absorbed syateaically , and exert 
undeeired Blde-*f f ects. For exanpla, it is well doQwnentcd 
in the lltcrsture that p-adrenoeeptor antagonists 
30 adnlniatered as eye-dropa can exert a slgnlf leant 

eardiovaaeular effect, as a result of such Ingestion into the 
gaaero-inteectoal tract. 

The present invention enables accurate targetclng 
of a fine sptay of electrically charged particles of the 
35 fomilaclon Co dose the required amount, thereby 
substantially ellainaclng unwanted alde-eff eeta. 
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The ferottlAtton a&y aoc ba pradonlnantly aquBoua as 
It baa %een found that a^uaoua CorBulactooa do aot undargo 
eleecrodynaalc aptaytog saeisfaecorlly duo to chatr hleh 
condnetlvlty. Pref«Tably, the asouat of vftCer, if Any l8 
5 present I eonprlaaa not aete than about 20X by waight oi tha 
toeal dlltteat, and ptafetably leas than 102 by weight. 

Certain dllueats hnve viaeoeity and teslscivity 
ptepartlaa such that they oay ba aaed alone ao the sole 
BDlvene eanpoBenc In the Conmlatlon. Such solvents are, for 
10 esoBplei dlBethyllBoaotblda, glycerol, propylene glycol, 

polyethylene glycol of average aoleeular might up to about 
600 1 nalze ell and araehls oil. . 

Certain other solvenca or diluents are appropriate 
for use In tue foxvulatloo as one of tm or aore diluent 
15 conponents. yoraulatlons containing high proportions, aore 
than SOZ, of water, sre as previously stated, generally 
ansttltable for eleetredynaalc spraying due to their high 
eonduedvlty. Seac solvents, for ezaaple surfactants such aa 
polyethexyethylaced castor oils ("Creaophors"), 
20 polyo^ethylene-polyozypropylene block copolyaers 

("Plureniea", "Synperonlcs"} , polyoj^ethylane aorblcan 
derivatives CTwaenB"). polyosyethyleoe oleyl eehecs 
("Brije"). csBcor ell and olive oil, say be irritant to the 
eye when used alone, but can he used satisfactorily la 
IS adalxcure with, for exaaple, dlaethyllsoaorbldc, to give a 
forauladon of suitable resistivity. 

Viscosity can be adjuated ta within che required 
range by the addition af vlacolysers, for axsaple 
hydroxypropylcellulose, hydraxypropylosthyleellulose, 
30 aethylcellulose. polyvinyl alcohol or polyvinylpyrrolidone. 

The fomulatlen also preferably contains a 
preservative, such as benzalkoalua chloride, benzyl alcohol, 
ehlorbutol, dlsodlun edecate, p-hydrosybensoares or 
thiomeraal, slnee certain of the dlluenca used are good 
35 substrates for bacterial growch. 
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In order co bring tho resistivity of the 
fezeuletlea into the reage 10* to 10^ oho ea. If oaeoesery. 
• reslatlvlty ■o4iflor nay he praaenc. Thla Is generally a 
charged apeclea such ae a eaXt, for eiasple aodiua chloride 

5 or a aalt conventlooally used In phataacologlcally acceptable 
buffers, for exaeple aodlua acetate, .dlaedlue hydrogen 
phosphate or sodliua dlhydrogen phesphace. Vhca the «ajer 
dlluant Im net ito«lf • auTfaetant. the foraoletlon may 
optionally contain a small amounc of one of the above- 

10 eentlonad surfecceats to eld the flow eharaeterlscles. 

Specific diluents and 'solvent syeteaG vhleh are 
sprayable froa the appatacus of the Invention are os 

fQlloVBI" 

^5 Diluent 
Glycerol 

Propylene glycol 
Folyothylcne glycol 400 
Dlsechyl Isoserblde 
2a Malxe oil 

Glyeeroltwacer (Sil) 
Dltteehylieosorbldeivacer Oil) 
Dlmethyllsosorbldeiglyeeroliwater 

(4.Si4.Sil) 
25 DlHChyllaosocbldeiwater (9il) 

■4- 41 v/v hydroxypropyl cellulose 
DlmethyllBOSortaldeiSynperoalc NP8 
(9.1) 

SlaethyllsosorbldeiTveen BO (9il) 
30 DlaethyllsosorbldeiNalse oil (9fl) 

« viacoalty was oeasuired with a Betovlseo aodel RV12 - Haake 
Mesa-^echnlk GehB. Heat Gemany. 

■ Bealsdvlty was aeaaured with a Solid State Electronater 
Dodel 602 - Klethley inatnaenCB, Cleveland, Ohio. 



Viacoalty 


Kealaclvlty 


Pas 


ohffl em 


.950 


3.4 a 107 


.OAS 


2.7 X lo' 


.090 


l.B X 10^ 


.008 


6.4 z IqB 


.063 


7.5 X lO^O 


.197 


3.2 z lo6 


.008 


4.1 a 106 


.064 


6.4 z 10^ 


.528 


5.3 X lo5 


.010 


1.1 X 10^ 


.011 


4.0 z 107 


.018 


2.5 X 10^ 
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Suitably th« acclva tngvadieet la la eh« 
foTmulacign In « eoAe«atracion rtnga of 0.1 CO 20S» and 
preferably 5 CO 10Z| but tba rsquind coneentraeiao dependei i 
naturally, upon che peteney of Ehc parcteular drug being ; 
S uaadi 

The fonuilatloa ip generally provided ae a liquid 
for direct use, but ic la posalbla that It ta eonatltuted j 
shortly before uae. Tbua in another eepeet ehe preeent 
Iweatlon provldea tvo-^rt package cooprtslng aetlve 
lo ingredient m she first part, generally as a caneentrated 

BQltttlon, and a aultable diloeoe or ee-eolvent In the eeeend 

pare. In uae, the two parts are fad Into a Btxtng cbaaber i 

in the aprayiog apparatua, before being fed to the nnszle er 

apray head. 

U British Bpedfleatloa 1569707 dlscloees an elaetro" 

i 

static apraylag apparatua vhlch eenprlsaa a apray nozzle 
charged to a potential of 1-20 KV fxoa a ttigh voltage 
generator, a rcaarvolr for anpplylag liquid to the nessle and 
an earthed field intensifying electrode dlapeeed around the 
20 oozale. The high potential produced becveea the spray 

nozzle and tha electrode is auffieieat to dra« the liquid 
avay frea the nozzle tovards Che electrode as one er sere 
llgaaenta of electrically charged liquid. A.t a eetrtain { 
distance fxoa the nozzle surface the llgaaent or llgaaenta 
2S break up to fora a divergent spray of cleetrieelly charged 

droplets. Xha llgaaent length depends en the applied field 
Btreagth and the eharacterlsclcB of the liquid. 

The apparatus described In the above sentlened 
apeclflcation Includes hand^held devices as veil as tractor > 
30 and aircraft aounted devices. The apparatus it; described aa 
being readily used for nany purposes vhexsin atonisatlon and 
depooitlea, at atoaisation alone, are required. 

In a praferted aspect ef tha present invention 
apparatus lo provided that sprays a eetered dose of low ^ 
3S volune for esaiple 20|a or belov, oare suitably 10^1 or below | 
and preferably ebeut S|jl. * 

I 

i 
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Aeeerdingly the prascot Invmclon piovldoB 
■locCTodyoaslc apraylna »pp«raeui for dlapanalns • liquid 
•olucian fotwiUtlon elalaad la clala 1, «rtilch eemprlaaai 

(I) ac leaat ana apsay nezsla having an outlet of 

S fluffleiendy aaall cross seeclOD CO be capable of 

retaining therein ap to 20|il of ttm foTBalatlen by 
surface tenaleni 

(II) naans to supply a owasurad voluae of up to zopl of ttie 
f oraulaclon Co said noszlei and 

10 (iiDneanfl for applying a poCeotlal difference betveen said 
apcay neaalc and an elaetrode spaced fran said spray 
aoszlei 

flo chat an elaecrlcal field ot sufficient strength is 
provided at the eudec of che spray nozzle to drav Che 
IS foraulatlon auay fron said outlet aa one or aore llgaaencs. 

To obcaln a ligaaenc foraiog field a large 
pocenclal difference hae to be •etabllahed between the 
dlspenalng sesber elcaeot and the eleccrode. tot tlnpllelty 
ana eaae of deacrlpclea IC will be assuaed that the electrode 
20 la ac earth potential and references hereinafter to "earth* 

refer to the potential of the eleetroda and a voltage refers 
to e potenrlel reletlva Co Chat of the electrode. Ic will 
be appreclaced that the elaetrode need not la face be at a 
positive or nesaclve pocentlal relative to erne earth. The 
25 voltage at the dispensing Mober aay be negative or, 

preferably, peeltlve relative to the eleccrode. 

Conveniently the electrode la a field intensifying 
eleccrode. Field intensifying eleecrodea end their use are 
described in British Specification 1569707 , Aa stated 
30 therein the field Intensifying eleccrode acta as a 'duDoy' 

target and, aa It can he In a fixed pesldon relative to the 
position or poaitiena from which llganenta of llQuld are 
capable of belag fened, the field around the llganent 
f aznlng poaitiena la eonstaet for a given voltage giving rise 
35 to results of greater unlforalcy. Purcheniere as che 

•dunny' target Is neerer che dlopenalng neaber eleeent than 
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the article bslng sprmyaA a hlghsT field atcengch la ercatad 
than would ochanioe be tha eaae, enabltag a lowas valtaB* ta 
be used. This ebvlotas tha oacd for geaertclog voltages of 
tbe order of 60-100 K7 as in other f oraa of eleecroscatie 
S sprsylag. 

The field tntenalEylng eleetrode is gaoarally 
sitoaced ae dose as poaalMe co cbo pasicieo or pealtlons 
fren which llgaaeota are Cecved en the dlapeaslog KBber 
aleffleet. BlCber one flold Intcneifylng aleecrode or a 
U plurality of field mtanalfying .eleetrodee can be provided 

depaodlng on eke eenflguTatien of the diapeaaiag oaaber and 
where Ic la deeired to areata the eltctrleal field of 
auffielent magnlctide to fero the ligaaentB. 

The, or each, field titteOBifylag electrode la atiltably 
15 poatcioncd la front of. or level with, tbe pare of the 

dlspeoaiflg Beaber elenenc froa which ligameoe forwadoa 
oceurs. The. or each, field Inteneifylng elaotrode la 
opCionally aheathed with an insulatlog uteiial, thereby 
allewlBg Che electrode to be pOBitloned oearcr to the spray 
20 oossle reaoltlng m a atrooger field effaet tn the region of 

the diapenaing Beaber elaaenc. Optionally the, or each, 
field ioteoalfying alaecrede is adjuoeably aennted to enable 
a varlatloa of diecaaee between said electrode and the 
dispensing oesber eleaent thereby altering the apray 
2S eharaecerlBclea aa desired. 

Suitably the apparatus Is providiad wlch a netered 
valve or a ayringa — pnap, such as those used for aulcl-dose 
adfflinlstratien of insulin, to control Che pasaage of the 
liquid focxulatlon froa a reservoir to the spray nesxle. in 
30 an alcarnacive aspect aeeuracaly neaaured low voluaes eaa be 

sopplied to the apparstus by placing tne spray ooszle in the 
liquid foraulacioa and drawing In the required aaount by 
•eans of pipette action, for exaaple using a piston la a 
syringe. Pipette action cao also be used to urge ti&e 
3S fomulatlon froa the apparatus ^en in use. 
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In a pr«fecr«d aapacc of tbi« InvsoClon «e have 
fgnnd thac the bese ■praying tatulta ata aehlsved using a 
modification oC pravieus apparacua vhavain cha apray aoszla 
Is dMBouDcable froa fcha appaTaCoa. Xo use the required dsae 

S of foCBolatlon is supplied lo a spray nozzle which Is thea 
located on the spraying apparacus in any eonvsnlenc nannar 
such as br screwing or hy {rictloo-f ic en an apprepriaca 
reealvlnK aeaher. In thla way the low volune of foraulacion 
la conveniently aeaaured. In any conventional manner, prior 

10 to nee. 

Suitably the apparatus la provided with aeaao to 
keep the flow rate sufficiently low so that atoalsatlan of 
Che snail voluae of forBulaeloo has time to take effect. The 
means for supplylog the fereulatioD to be sprayed to be 
IS nozzle tip will generally comprise a piston which, in use, 

will drive a eelumn of ale through a cntie co the nozzle thus 
causing the formulation therein to flew, and as a pocencial 
IS applied, to atomise. Optionally In such an arrangnent 
there la damping means in the tube to eid control of the flew 
20 rate of Che eoluu of air, for example a viscous liquid slug. 

In an alternative rhe flow race of the air column 
can be controlled by means of a metered pump or valve. 
Conveniently the means for aupplying liquid co the spny 
nozzle tip, for example a eetered pump or valve or a piston, 
25 18 nanually or electrically operated by a push-button or 
trigger which simultaneously acclvates the high voltage 
generator that suppliea high voltage to atoad.Be the 
fermulatlon. A suitable metered pump Is one of the type 
used for administering ouceessive deees of insulin from a 
30 BulCl--doae device, as supplied by Huirhead Vactrle Components 
Ltd. of BeekeAhan, Kent. 

Generally Che epparacna useful in this invention la 
hend-held end eonpriaea one er two spray nosxles depending on 
whether it Is desired to treat eyes ssperacely or 
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effect scoalBfttion oC cha f ersulatioa !■ provided by » 
baccax^powaced nigh volcage ganarfttor concBined in hand hald 
appacaeua. In aaather eanycnlaat aapaec tha valtags nay be 
provided by a pieso-eleetrie gaaetatot. The battexy or 
S bactariaa for aucb a geseratoz la/tra also eoBVenlandy 

loesCed la the epparacua vhleh is suitably dlBcnotoBad far 
hand-4iold asaga. In an altesnsKlva tha hl^ voltage can be 
generaced In a renote pack and supplied by hi|^ tesulon lloefl 
to a hand-held spraying spparatas. 
10 The nocsle eonflguracion la detesnlaed by the 

reQulreiBenc that the foraulatlon dees not flov or drip i 
therefroB in the absence of an applied high potential and in 
the absence of a eontaetlng sorface. The configuration l8 
not entical and asy, for exaaple, have edges defining an 
15 orlfiee of reetangnlar, elliptical or dxealar ero8»- 
seetlen. 

The noszle conf iguratloa can affect che volnaetrie 
flow of liquid through, end free, said nozzle ae the 
potential is applied and hence the voluaetrlc spraying rate. 
20 Aa prevlonflly eentlened tha nozxle nay be noantahla and 

deaonntable free the spraying apparatus so that the flov race 

can be variad by using nezalaa e£ varlouB configoraclons. ! 

Suitably che electrical field of sufficient 
strength to ateBise the fontulatlon as a spray la provided by 
23 a aeans for eleetrieslly charging che spray nozzle co a 
potential of the order of 1 - 20 and having a field 
adjusting electrode, at eatth pocencial, oouoted adjacent to 
che aprey noszle. Field adjusting eleetrodeB are described 
m TTSP 447GS1S. The field adjusting electrode can be 
30 separated fron the nozzle by Beans of an alr~gBp. for eacaaple 
of about 2 ca, or preferably !qr neana of an insulating 
aaterial. If the field adjusting electrode is adjustably 
nounted then che distance b«cvean said electrode and the 
nozzle ean be varied thus affecting the electrieel field on 
35 the liquid and altering the spray droplet size and ongle of 

I 

! 

1 
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An oabedlaonc of the Invantloa m unlc doaa fova la 
aew daacrlbed. by way of •■a«pla only, with tefaranca to tha 
aeeeapanylng drawing, figure I. which li ft ■chOMtle vlw 
Uluacraelng tha principal eonponenci of ona for* of tha 
S apparaCttSt 

Rafacrlng to Figure 1 there la a body UBber 1 
aixed BO aa to be capable of being hand bald. On ona wall 
of Che bedy acaber 1 there la aonnted a eooieal recaivllig 
■eaber 2 that tapara to an and 3. Cantrally poaltloned lo 
10 the end 3 of the Benber 2 la the outlet of a tube ft, circular 
In eroaa-aectlon, that e»tondB centrally through the eenleal 
■nnber 2, through the body neaber 1 and haa an inlet S In 
■aother vail of tald aenber 1. The tuba 4 iB of 
■ubatantlally unlfora eroaa-aactlon and haa a 90« bend 
15 chereln ec region 6. At the tube inlet 5 chare la a placon 7 
sized ao aa to fom a friction fit. The piston 7 operatea 
agalnat a spring 8. lo the Cube 5, at the region 6. there 1b 
provided danplBg aeans 9 In the fOTB of a YlscOttS liquid 
slug. 

20 DlBpeaed about 2 ca dlatanee froa che end 3 of the 

eoaleal aembar 2 Is a field adjuatlng electrode in Che form 
of a ring 10. Thla ring 10 le apaced fro« the body oeaber 1 
by aeana of a cylindrical collar 11. 

The body aetber 1 eontaina therein a battery 

25 powered high voltage generator 12 that la eonneeced by 

electrical witching aeane (not ahown) to the piacon 7. Pron 
the generator 12 excenda a lead 13 that la eabedded in che 
eonleal receiving aembcr 2 and exlta therafroa in che region 
of the end 3, to provide a protruding portion lA. 

30 Xn addition chare la provided a deaooncable hollow 

apray nozsle 15 of generally conical shape. The noaxle IS 1b 
aufflcleotly reellient to be able to fora a f rletloi*-flt on 
CO the extended aorface of the conical receiving aeaber 2. 
To facilitate tha urging of che nozzle 15 on to the aember 2 

35 an annular flange 16 !■ provided on said nozzle. The hollow 
centre of che aosxle 1« of conical eenf Iguratlon and there la 
a aaall aperture 17 at the tip of said nozzla. The aparture 
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17 is fluffldestly alzed to tK«t forBulAcion is held vltbin 
tha nozzle Vy aur£ttee cbuIoo end ether ef feces. 

A veeered does of s f oreuletlen IB le provided 
within the deaoonteble noulc 15. 

3 xa use Che platen 7 IB deprnsed agalttet the spring 

8. This esttdeo a current ot air to sove through the tube 4, 
the slug 9 eetlog as a daaplag control ea the passage of air. 
The current of air paaeee into the hollow spray aosrle IS and 
urges tha forBuIatien 18 through the apertuta 17 of the tip 

10 of oatd nozzle In the dlreetleo of a carget eye. At the aaaa 
time the platon 7 activates the <hlgh voltage generator (by 
means not shown) which In tvm causes a high voltage of the 
order of 16 hV to pass through lead 13 whleh la portion 14 
thereof la lo centaet with tha foiaulacloo 18. Thoa Che 

IS fomlaclon IB la raised to a high potential. The ring field 
adjnatlng electrode 10 is at earth pocentlal. Thus as a 
result of the urging of the current ot air and the high 
potential difference rhe fersulatloo is ateolsed as a apcay 
of electrically ehacged droplets to give a partleulaTly even 

20 targattad coating of tha targec eye. 

Ad altenwtlvc cabodlBenc of the Invention, la 
aultl— deae form, will new be described, by vay of exaople 
only with reference to Figure 2 of the aeeeapaAylng dtavlnga, 
tfhlch Is a eeheutlc view of the principal eosponeats of this 

25 Bultl— doae fon of the apparatus. 

AS In Che unlfr-dose fan of apparatus daseribad 
above there Ifl a body neabcr 30 sited so as to be capable of 
being hand held. On one wall of the body masbor 30 there Is 
mounted a conical nezxle 31 that tapers to ao and 32. 

30 Centrally positioned In che end 32 of the nozele 31 la the 

outlet of a tube 33, of unlfora. circular crosa section, that 
extends centrally through the conical nozzle 31 to a syringe, 
34 forming part af a syringe pump 40 aeconfflodaced within che 
body member 30. Disposed about 2cs. distant from the end 32 
35 of Che conical nozzle 31 la s field adjusting electrode in 
fowrm of m. rxnm 33. spaced from the body member 30 by a 
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eylladrlcsl eoll«r 36. Th« body atsbot 30 addlCiOBally 
aeeooBo^ACM a battery powered high volcege gcnexatoc yt , 
frea which extende » lead 38 that la cabedded in the eonleal 
nozzle 31 1 and eslta eherefres Into the tuba 33 near its ead 
3 32 to provide a protrudina portion 39. 

Alternatively, Che lead 38 can be adapted to sake 
eontaet with che liquid being diapensed at any peine of che 
ayrloge 3A or the tube 33. 

The ayrlage-puap 40, of che type aupplled by 

10 Kttirhead Taccrle Co^ononco Ltd.' of Beckenhem, Kent, for 

edminlBterlng eueeeBsive doses' of inaulia free a reservior 
syringe, eoBpTleea a Bini-puBp 41 which drives the plunc«r 42 
of a replaeeable ayriage 3A, to dlspenaa an aeeurately 
oetetad amounc of the aytlogc contents through the outlet 32 

IS of the conical neszle 31 vhenever the eyrlnge puap 40 Is 

activated, by activating aeene. shown here as a press button, 
43. 

In use, the syringe 34 eeatalna a fomulatlon of an 
ophchaloleally aeclva substance aeeerdlag to the Invention. 

20 Operation of the activating neans 43 eauaea an accurately 

Betered quantity of che forauladon. of the order of S|tl, to 
pass out ehrottgh che end 32 of the conical nozzle 31. Ac 
the sane time, the operation of the aetuedpg eeans 43 
ewltehee on the high voltage geeerator 37 to supply a high 

23 voltage via the lead 38 to the protruding portion thereof 39, 

chue applying e high electricel pocenclal to the fomulatlon 
taalng discharged frea the end 39 of the conical nozzle 31. 
EXAMPLE 1 

Ephedrlne (350 pg} was foraulated as a lOZ solecion 
30 O.Stil} in a nixture of dinethyl Isaserbldetwatcr (9il) which 

also contained hydreiyprepyl cellulose (42 vc>^t>. 

Tble forBuledea was sprayed, fron the apparatus 
described baralnbofore in the apeeiflc •abodiaent. on to one 
eye of each of six Bale New Zealand white rabbits. The other 

35 ava renialned uncraBtad ta aec aa a eoncrol allowlns 
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coopensBtion for changing environaentaS fsetore te be 
ineltidAd in the calcalatton of the results. 

MydTlBBls resulting froa the topical application of 
the fermiatton to the eye was reeorded en photographic fiVt 
5 using a caneta and optical syatea as depleted m Vlgure 2. 
Tha pvpll dlaaeteta were Beaaured fcoa the projected inagea 
ef the pTocBseed file using engineer's calipers. 

The aydrlatle response of the treated eye to 
epHedrlne was calculated ee follows < 
10 - T„ - Pr - Cn X 100 

To Co 
- Z tnerease In pupil dlaseter at tlBe(t). 
i^erei Tq and Cq are the pretreatsent pupil dlaaetera of • 
the test and control eyes respectively, and and > 
15 C( arc the pupil dlaaetcrs of the test and eentrei 

eyes respectively at tlae(t). 

The Bean differences <vltb standard error bars) In 
percentage change betveen the teat and control eyes for each 
ciae point are depleted graphically In yigore 4. This shoes 
20 Chat there is slgnlfleant ■agnltode and duration of 

mydriatic reapense te the ephedrlne fozcalation vhee applied 

a 

at considerably lover voluae than with eoDventloaal oethods 
of treateent. 

25 The experlaental procedure described in Exasple 1 

was repBSted, but adBlnistering to the ^e 3.Spl of a 4Z v/9 
Bolution of pilocarpine in dlsethyllBoaorbldeivater (95i5 
vyv} containing 3Z of hydrosypxopyl cellulose as a j 
vieeolixer. and oeasuring the vtetie effect produced. 

30 The aiotlc response of the treated eye to 

piloearpioe at each tlse point vas calculated as follevsi— 
Z decrease in pupil dlaaeter at time t 

■ To-Tj - Ctr-Or x lOO 
To Co 
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wheve To and Cg are the pcecrcatment pupil dlanetAre of the 
ceBC and control eyes Teepectively. and Tt and Ct are the 
pupil dlaaeters of Che test and eentrel eyeo reapeeCively at 
tlse t, 

S The Man differences (with acandard error hara) In 

percentage change between the test and control eyes at each 
Cine point are depleted graphically In Figure 5. This ahowc 
that there Is elgnlficant ugnltude and duration of nioCte 
reaponse to pilocarpine fomulation when applied at 

10 eonelderably lower voluse than with conventional aethode of 
treataent . 
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WHAT WB CLAXM ISi 

1. A aeciiDd of «dBiolsc«rliig to Che ayft • focoolacion 
eoBpTlalag an ophehalaleally ACtiva svliacsnca and an 
ophchalBleally Acecpcablc dllo«ae, eharaetaciaad la chat tha 

5 fesBulatlon haa a vlseaaicy in tha caaga UT'S to l.o ?a.s (at 

25^0 anA a realsitlvlty lo the range 10^ to 10 12 aHa en (at 
250C), and that tha focttulatlon la anppllad eo a spray Misla 
imerain a aufflelently larga electrical pateaclal, relative 
to aarth, is Applied to the £oraulasien £raa a high valtaga 

10 geaeratoz, that auffielenc alectrlcal gradiaat la provided at 

tha aozsle to atoBiae tha foroulatlon as a apcay of 
elactrteally eharged dropleta. 

2. A aethod as elAlmed lo clela 1 Btiereln cba noaale 
la charged tflth a uoic dose e£ the formulation fxoa an 

IS ezcamal aource fez each use. 

a. A matbod aa elalaed in claia 1 vherala a nnic dose 

of the f oroMlatlon la aappllad to the noszle BtttOUtlCAlly 
f roa a raaervolr. 

4. A liquid aoltttloa feraulatloa. for uae la tha 
20 aethod dalaed in elalii 1. aonprlalng an ophthalslcally 

active Buhatanee and an ophthalnlcally aeeeptahle diluent 
vhlcn eoapslaes SOX to lOOZ by weight of an ophtbAlBlcally 
aeoeptable diluent and fron OX co SOZ by weight of water, and 
has a viscosity in the range Vr'^ co 1.0 fa.a at 25oc. and a 
25 cealacivlty in the range 10^ to oha.ca at 25oc. 

5. A feraulatlon aa clalnad In elals & In which tha 
ophthaiaically active substance is a cheaothsrapentlcal 
agent, a eoapoufld to aid oculAX exaolnatloa or a conponnd to 
aid surgery. 

30 6. A. fomulaclon aa clalBed m elala 5 wherein the 

opbthalBleally aecive aabstanee la aeleeted froai— 



(a) antl-'lnflamntoiy agenta, auch aa prednlaolona and other 
cortlcosterelds ( 
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(b) aaclBlCTobisl drugs, laeb m •nfilblatiei , aneiaapeicst 
mnelvirals. fungicidaa aod anlpheoaBldas , for axaapla 
chloTaBphanleol , aulpliaeacuida, gancaqreln, iqr«caclli| 
aeyelevlr and idoxnrldliMi 
S (c) autoBOBie dnigai aaeh a p-«draaoeepter antagenlaca, 

eyelopleglca I Blotica, aydTiatlca and vaaoconacriecora, 
far axaapla timolol* acenolol, plliaearplaa. acxoplna. 
Cropleaalda, hyoeelnc. aphadrlna, phatylapbrlne, 
eacbachol. guaaachldlne and adranalinai 
10 (d) local anaaaehaelea, aiteh as llgneealoa or 

eiybupcocaiiia I 
(a) dlaganoatlea, auch aa flooraacalni 
<r) drugs to aaalat taealiag of corneal abraaiona, aueti aa 
orogaatroae and opldaraal gtoweh factor (BC?}i 
IS (g) durga of use In diabetic retioopathy, sueb as dldoaa 
roducCaso lahlblcoTa, for cxaaplc sorbinil and 
braao-2'-fluorobonxyl)-4-^zo~3]^-l>bchalaziit-l— ylaccctc 
add. 

7. A fonmlaelon as elalnad in elala 6 in which the 

20 aaouat of vitas, if any is pcasaat, eenpriaaa not nor a than 

201 by Might of tha total diloaat. 

6. k fossolation aa clalaad in dala 4 ohoTein the 

opbcbalBlcally actlTo arganlc dilnant la aelactad fron 
dlBathyliaOBorbide, glycerol, propylene glycol, polyethylana 

25 glycol of average nolaeular weight up to 600, ■alse oil «nd 

araehia oil, optionally in eonbinatien with polyethos]^ 
ethylatsd caatov oilot pelyeayothylene-polyoiqrptopylena block 
copalyoerB. pelyosyeChylene aorbicao derlvatlvea. polosy- 
echylane oleyl athara. eaator oil or olive oil. 

30 9. Elaetrodynanle spraying apparatus for dispensing a 

liquid solution foraulation as dsioed in elaia 1, «hleh 
eonpsiaeai 

(l) at least one spray neszlo hsvlag an outlet of 

sufficiently aull cross seetion co.be capable of 
3S retaining therein up CO lO}tl of Che foraulation by 

surface censlom 
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30 



2S 



30 



(11) aeans to supply a measured voluae of up to 20^1 of the 

Coraulablon to said noxxiai and 
(lit) Beans for applying a poceatlal diffareaee becvean said 

spray aezzla and an electrode epaead from aald apny 

nozzle I 

flo tbac an eleecrleal field of auffleienc atrength Is 
provided ac ctie outlet of the spray nozzle to drav the 
fezmlatlen avay from said outlet as one or more llganents. 

10. Apparatus as dalned in claim 9 wherein the 
maaanred voluae of the fotaulatlon la supplied to the nozzle 
by a metered valve, 

11. Apparatus as claimed in claim 9 wherein the - 
owasured volume of che formula Is aupplled by a syTlnge- 
pump. 

12. Apparatus as claimed la claim 9 vbereln the 
Beasured volume of the formula is supplied by drawing into 
che nozzle che required amount from an axcemal source by 
means of plpetta action. 

13. Apparacua aa claimed la claim 9 wherein che 
aeaBured voluoc of Che formulation is contained m a 
deoounteble spray nozzle which Is locatable on an appropriace 
receiving member in the apparatus. 

14. Apparatus aa claimed in any of elaloa 9 to 13 
wherein the means for causing the liquid to flow tbrou^ the 
spray nozzle tip alsaltaneously activates the high voltage 
generator of the eleetrodyanimlc spraying apparacua which 
supplies high veltage to atomiae che fonsulacioa. 

15. Apparatus ao claimed In any one of dalas 9 to 14 
In which baccerleB for the high voltage generator are located 
In Che apparatus, tfhlch Is suitably dimensioned for hand- 
held usage, 

16. Apparatus as claimed la any one of elatms 9 to IS 
which i8 capable of electrically charging the spray nozzle to 
a potential of between 1 to ZO W and which hao a field 
aojuscing w>»oe-coa* SB »«tanfcial mounted edjacenc to 
Che spray aozsle. 
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17. ipptratus ft! eXaiBtd in daia 9 coBprlilngi 

m bod7 Bubsr 1, alssd to ao to b« capabl* of balng 
hand held, ylth « eonleal roeolvlog Boabar 2 in OQO wall 
thoraef, tho ood 3 of vhlch !■ ebo outlat of m tuba 4 
■xtondlag cootnlly through the eooieol Mabor 2, throutfk 
tha body MdBbar 1. and having an Inlot S In another vail of 
aald body BBMbor l, tha inlot S acconwdaclng a placon 7| tha 
body aaabar 1 aloe aupportlng • field adjuoting alaetrodo 20 
autroundlng the end 3 of the raeatvlog ■saber If che bedy 




:t\ 



10 aaaber also aceeaaedatlag a hlgl) voltage genaratoc 12. Croa | 

vhleh a lead 13 aztenda outwardly frea tho aperture in the 
and of the receiving neaber Z» and «hieh la adapted to aupply 
a hi^ voltage to the lead 13 When the pleceo 7 10 aetuatedi 
and a daaeuatable hollow apray aosslo 15 of 
15 generally eoolcal ahape. adapted to eeopotate with the 

receiving aeaber 2, end which hai a aaall aperture 17 at the 
tip capable of holding up to 20|il of a liquid aolutloo 
fotaulation, aa eiaiaed m elala 4, by auzfaee cenalon. 
IB. Apparatus aa eiaiaed in dais 9, coaprislngi 

20 e body aeaber 30 1 alsed ae aa to be capable of 

being hand held, provided with a nozzle 31 in the vail 
thereof, the end 32 of which is cha outlet of a tube 33 
extending centrally through the nezsle 31 and chrough che 
body aeaber 30 to a ayrloga 34 foralng part of a syringe puap 
25 40 of known type, caaprlaing the syringe 34 and a alni— puap 

41, the operation of tfhich also activates a high voltage 
ganeracor 37, Bccoaaodated within che body aeaber 30, froa 
which a lead 38 axtands co che apercure 39 of the nozzle 32 1 
the said body aeaber 30 alao support a field adjuacing 
30 electrode in the fora af a ring 35 surrounding the and 32 of 

the nozzle 31. 
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